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Properties of shallow water environments retrieved from
hyper- and multi-spectral space-borne sensors

ZhongPing Lee, Brandon Casey, Robert Arnone, Rost Parsons, Alan Weidemann,
Wesley Goode

Naval Research Laboratory, Code 7333
Stennis Space Center, MS 39529

ABSTRACT

There are two imagers on NASA' EO-1 satellite: Hyperion and Advanced Land Imager (ALl). Hyperion is
a hyperspectral sensor with about 45 bands covering the spectral range of 430 - 900 nm, while ALl has
only six (wide width) bands for the same range. Past studies have shown that data from both kinds of
sensors can provide observations of important environmental properties, such as bathymetry and water
turbidity. In the derivation of bathymetry using data from multi-band sensors (e.g., LANDSAT), however,
usually bathymetry data of a few locations were required to be known first. Recently, a semi-analytical
spectral optimization algorithm has been developed for remote-sensing of shallow-water environments.
Using data from hyperspectral airborne and space-borne sensors, it has been demonstrated that bathymetry
of optically shallow waters can be derived without a priori knowledge of depths at a few locations, and
properties of water column and bottom can be retrieved simultaneously from remotely sensed data. In this
study, we extend the optimization approach to ALl data, with retrieved water and bottom properties
compared with that from Hyperion data. From these results, we discuss the advantages/disadvantages of
Hyperion and ALl sensors, and their potential applications for coastal observations.

Keywords: EO-1, remote sensing, shallow coastal water

1. Introduction

There are two imagers on NASA' EO-1 satellite: Hyperion and Advanced Land Imager (ALl). Hyperion is
a hyperspectral sensor with about 45 bands covering the spectral range of 430 - 900 nm, but ALl has only
six (wide width) bands for the same spectral domain (see Fig. 1). However, the swath of Hyperion is about 7
km, but ALI has a swath of-30 km that provides much more spatial observations than Hyperion. Such a
spectral and spatial configuration motivated us to find effective ways of using ALl data to retrieve
properties of coastal-water environments.

Past studies have shown that data from hyperspectral sensor alone is adequate for the derivation of water
column and bottom properties 12. When using data from multiple spectral band (e.g., LANDSAT),
however, usually a priori knowledge of the bottom or the water column are required to derive a bathymetry
map from data of multi-band imager 3. Such a requirement may not be met for some military operations.
Therefore it is desired to find a technique that has similar capabilities as the hyperspectral sensor.

In this study, with concurrent measurements of Hyperion and ALl over Looe Key (Florida), we revised the
spectral optimization approach designed for hyperspectral sensors and applied it to the ALl data, and
compared the derived bathymetry and water properties from both sensors. The results indicate that such an
optimization technique is reasonable for area with shallow bathymetry (< 3 m), but could result large errors
for deeper bottom (> 10 m). More studies are required to improve the reliability of using ALl data to derive
bathymetry of deeper area.

* The 8'h International Conference for Marine and Coastal Environments, Halifax, Nova Scotia, May 17-19,
2005.



2. DATA AND METHODS

L I A Hyperion and ALI data over Looe Key (Florida) collected on October 26, 2002 was provided by the
USGS. Figure 2 presents a subset of the imaged area. Hyperion coverage is generally overlapping with the
left portion of ALI coverage. Since the swath of Hyperion is much narrower than that of ALI, only the
overlapping portions of Hyperion and ALI were considered in this study (see Fig. 3). The two vertical lines
in Fig.3 (colored white and green in both images) were selected to compare the retrievals from both sensors.

To analytically derive water and/or bottom properties from any remotely-collected data, the first step is to
get high-quality data of remote-sensing reflectance (R,,), which is defined as the ratio of water-leaving
radiance (L w) to downwelling irradiance just above the surface (Ed). It is R,, that solely contains water
and/or bottom information.

To get R, from sensor-measured quantity (Lt), an important step is to remove the contributions from the
atmosphere. Recently, Lee et al. 5 simplified the cloud-shadow method developed by Reinersman et al. 6 to

effectively derive Rrs from remotely sensed data. Basically, this method uses adjacent pixels that are in and
out of cloud shadow to derive the atmosphere contribution. Further, the approach uses Lt from cloud top
as a reference for downwelling irradiance. Using Hyperion data over Looe Key, the method is validated
with measurements from ship-borne sensor 5. We here applied the same approach to data from ALI, and
ALI Rr, of the interested area is calculated.

Figure 4 compares ALT R,, (red square) with Hyperion Rr, (blue line) for a few selected points (marked as
pl - p4 in Fig.3). Also shown are the ALI equivalent Rr, (green triangle) converted from Hyperion R,
based on the band width of ALI bands. Generally, for the six ALI bands that have the same central
wavelengths as Hyperion, the ALI R, agree with the ALI equivalent (Hyperion-converted) Rr quite well,
though larger differences are found at Band 3. Such results indicate that the method of calculating Rr, is
effective and valid for ALI data. At this point, it is not clear yet how the traditional atmosphere correction
approach 7,8 would behave for such wide-width and poorly calibrated sensor.

3. RETRIEVAL OF ENVIRONMENTAL PROPERTIES

To derive properties of the water column and bottom from R,,, we took the spectral optimization approach
developed by Lee et al. 1,2. Briefly, the approach models Rrs spectrum as a function of five independent
variables for optically shallow waters, i.e.,

Rr,(2i) = F(aw(Ah),bbw(A 1 ),P,G,X,B,H)

Rr.,(A,) = F(aw().,),Wbb(,A),P,G,X,B,H)

R,,(2A) = F(aM(A,,),bbw(A,,),P,G,X,B,H)

Here P and G are absorption coefficients of phytoplankton and gelbstoff at 440 nm respectively; X is the
backscattering coefficient of suspended particles at 440 rnm, B the bottom reflectance at 550 nm, and H the
bottom depth. a. and bbw are the absorption and backscattering coefficients of pure water, respectively,
which are known from measurements 9, 10. To derive the five unknowns, a spectral optimization scheme
with computer processing code (HOPE) has been developed. By varying the values of the five unknowns,
the five unknown components are considered derived when the modeled Rrs spectrum best matches the
Hyperion spectrum.

This approach, which solves five independent variables simultaneously, requires a sensor has at least 15
spectral bands covering the 400 - 800 nm range for reliable retrieval of water and bottom properties ". ALl
Rrs, however, has only five wide-width bands covering this domain. To reduce the number of unknowns, we
adopted the approach developed by Lee et al. 12 to model the total absorption coefficient of the water
column. In this approach, hyperspectral a(X) is modeled as a function of a(490), i.e. by one variable, and
then Eq. 1 becomes



R,rs( AZ) = F(aw( A),bbw(A¶),A,X, B,H)

Rrs(A2) = F(a,((A2),bbw(A2),A,X,B,H) (2)

Rrs(A,,) = F(aW( A,,),bb,,(A,,),A,X,B,H)
with A for a(490). Eq.2 is now used to generate a hyperspectral R,(),), and this R,(IX) spectrum is converted
to equivalent ALl Rrs(X) in accordance with the spectral response function of the ALl sensor. And finally,
this R,,(X) is compared with the R,.(X,) derived from ALl data. When the two Rrs(ki) matches each other, the
set of values of A, X, B, and H is considered derived. Note that in this process, no a prior information is
required or used.

4. Results and discussion

To see how retrievals from ALl data compared with retrievals from Hyperion, Figure 5 shows the
bathymetry outputs from both sensors that cover the same area. The boxes in Fig.5 show the overlapping
coverage from both sensors. Note that the bathymetry from Hyperion Rr, for this area has been validated
with data from ship measurements and airborne LIDAR 5. For the bathymetry from ALI Rrs, apparently the
bathymetry better matches the Hyperion bathymetry for portions where the bottom is quite shallow (upper
half of the picture). For the lower half that shows the gradual transition of shallower to deeper bathymetry,
the ALl depths do not show a gradual transition and are generally deeper. This phenomenon can also be
seen for the two lines marked in Fig.3. For the white line, the two bathymetries matched each other quite
well for depths less than -3.0 meter (about after the position p2). After that, the ALl bathymetry quickly
jumps to larger values, though which shows similar patterns as that of Hyperion depth (see Fig.6). Similar
result is found for the green line.

For the absorption coefficient at 440 nm (a(440)), it is found that a(440) from ALl is systematically smaller
than that from Hyperion (see Fig.7). This could be the main reason for deeper depths that were derived
from ALI Rrs. For passive remote sensing of bathymetry, the absorption (or attenuation) coefficients of the
wavelengths that have bottom signals in the measured Rr, play important role. For shallower bathymetry
(e.g., less than 3 meter), ALT Rrs at Band 4 may still have adequate signals from bottom reflectance, and
contributes to the derivation of bottom bathymetry. At this band, its absorption coefficient is dominated by
the contributions from pure water, therefore less uncertainty in this value. For deeper bathymetry (e.g.,
greater than 10 meter), the derivation of bottom depth from ALl R, relies mostly on data at Band I and
Band 2. The absorption coefficients at these two bands, however, also vary with constituents in the water,
in turn resulted bigger errors in bottom bathymetry. Conceptually, if the absorption coefficients are known
a prior or from other means, bottom depth could be derived more accurately from such multiple-band
sensors when the bathymetry is deeper than -5 meters.
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Figure 1. Band and spectral response of the ALI sensor (from http://eol.usgs.govf).



Hyperion ALlI

Hypenon ALl

Figure 2. Coverage of Hyperion and ALl for Looe Key (FL). Figure 3. The area focused in this study.
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Figure 4. Comparison of ALI R,, (red square) versus Hyperion Rrs (blue line). Green triangle indicates the
ALI equivalent R, that is converted from Hyperion Rrs based on the ALI band width.
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Figure 5. Bathymetry image derived from ALl R,, (right) compared with that from Hyperion Rr. (left).
Boxes indicate same coverage from both sensors.
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Figure 6. For the lines in Fig. 3, bathymetry from ALl Rrs compared with that from Hyperion Rrs.
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Figure 7. For the lines in Fig. 3, a(440) from ALl R,, compared with that from Hyperion Rs.


